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SUMMARY 
The Engineering Water Management (EWM) group at Department of Agriculture, Western 
Australia was contracted to compile a surface water assessment of the Buntine-Marchagee 
Recovery Catchment and develop a conceptual management strategy.   
The Department of Conservation and Land Management (CALM) manages the Buntine-
Marchagee Recovery Catchment project (BMRC).  The objective of the recovery catchment 
process is to: 
‘maintain the native species in a range of representative wetlands within the 
Buntine-Marchagee Natural Diversity Recovery Catchment by 2020’.
The project is implementing a range of actions, both biological and engineering; to ameliorate 
the threatening processes causing degradation within the recovery catchment.  The recovery 
program is being developed in consultation with landholders, government departments and 
stakeholders.  
This hydrological investigation combines available datasets (spatial, temporal and climatic) to 
define the underlying hydrological landscape to assist in the development of conceptual 
integrated water management strategies for the recovery catchment.  The study utilised a 
combination of hydrology, soil, topography, aerial photography, satellite imagery, field 
observations and general catchment information to broadly categorise the key hydrological 
landscapes within the Buntine-Marchagee catchment.  A preliminary assessment of soil 
hydrological properties in conjunction with the Digital Elevation Model (DEM) and climatic 
data gave an indication of surface water movement and surface water impedance.  A 
desktop interpretation has identified areas at risk from rising watertables, inundation, 
flooding, and other water-driven land degradation processes.   
The hydrological evaluation was completed in consultation with the Natural Resource 
Assessment Group (NRAG), Department of Agriculture WA who undertook to assess the 
soil-landform units which are described in a companion report (Griffin et al. 2004).
The Buntine-Marchagee catchment is characterised by a series of major tributaries and 
slopes that surround a dominant broad valley system with extremely low flow gradient.  The 
lack of valley channel gradient has resulted in a discontinuous braided channel system that is 
heavily populated with playa lakes and wetlands.  
Most of the valley landscapes are primary saline ecosystems with associated vegetation 
communities that are tolerant of periodic wetting and infrequent inundation.  However there is 
evidence of widespread valley and tributary degradation.  Clearing for agriculture has 
resulted in excess surface water (leading to more frequent inundation and waterlogging) and 
excess water in the near surface soil profile (waterlogging, seepage, surficial watertables and 
local groundwater systems), erosion of topsoil from shedding landscapes, and sedimentation 
of low lying areas such as valley floors and stream channels. 
Based on a geophysical and hydrological assessment the recovery catchment was divided 
into three major sub-catchments (on the basis of flow) that were further subdivided into eight 
topographical sub-catchments (Koobabbie, Kooringa, Buntine, Nugadong, Lakeview, 
Masons, Meelya and Benelong). 
The recovery catchment is characterised by upper slopes with gradients generally less than 
three per cent, with the main tributaries and lower slopes considered to be relatively flat with 
gradients of less than 1 per cent.  The main valley floor drainage line has a gradient of 
between 0.03 and 0.07 per cent.  The braided lake chain provides storage for surface water 
flow and buffers the impacts of most rainfall events until a threshold is reached. 
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Thirty-four landscape mapping units (LMUs) were defined and grouped on the basis of run-
off potential, infiltration capacity/storage and area of impervious surface.  Grouped soil-
landscape units were defined as:  valley floors, south-west sandplain, steep shedding 
landscapes, valleys with convex slopes, and south-east broad valleys with concave slopes. 
The analysis of large catchment scale rainfall events that occur over a 72-hour period 
indicated a significant difference between the eastern and western sections of the catchment, 
with the east experiencing up to 40 mm more rain.  A significant number of larger rainfall 
events occurred during the summer, with greater falls delivered in the east of the catchment.  
Although some of the largest events recorded have occurred since 1960, no significant trend 
towards an increased frequency of extreme events was identified.  These events annually 
cause damage to culverts and road crossings.  In 1999 and 2000 during significant rainfall 
events the main valley floor linked hydrologically resulting in widespread inundation and flow. 
Soil types, soil characteristics, the intensity and duration of rainfall events, season, slopes 
and vegetation cover, all contribute to a catchment’s ability to generate surface flow.  
Managing water in the catchment landscapes before it becomes a problem is highlighted and 
implementing plans that will manage identified issues will play a key role in reducing the 
impact of water-driven degradation processes on the natural biodiversity within the 
catchment.
The study concluded that the segmented nature of the valley landscape makes it possible to 
link individual valley sections and upland areas of interest with distinct contributing areas.  
Once catchment scale biodiversity priorities have been identified, more detailed 
investigations to develop management strategies will be required. 
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1. INTRODUCTION 
1.1 Overview 
The Buntine-Marchagee Recovery Catchment (BMRC) project is managed by CALM staff 
based at its Geraldton Office.  The objective of the recovery catchment process is to 
‘maintain the native species in a range of representative wetlands within the Buntine-
Marchagee Natural Diversity Recovery Catchment by 2020’.  The recovery projects in 
consultation with other landholders, government departments and stakeholders are 
implementing a range of actions, both biological and engineering to ameliorate the 
threatening processes causing degradation of the biodiversity.   
The BMRC was identified under the natural diversity recovery program conducted under the 
auspices of the State Salinity Strategy.  The recovery catchment was the fifth biodiversity 
recovery catchment to be declared under the Strategy.  The Buntine-Marchagee catchment 
differs from the other recovery catchments because it encompasses a naturally saline, 
braided channel wetland system typical of the eastern and northern wheatbelt (SKM 2003). 
The Engineering Water Management (EWM) Group was contracted by CALM to provide an 
overview and broad assessment of the hydrological and landscape characteristics of the 
recovery catchment.  The soil and landscape evaluation is presented in an additional report 
and is not discussed in detail here (see Griffin et al. 2004).  This study identified eight major 
sub-catchments.  The report describes the various landscapes that characterise these sub-
catchments, the nature of the hydrological processes that occur within these landscapes and 
provides a generalised assessment of surface water impact and land degradation. 
1.2 Extent of study area 
The BMRC is located south-east of Coorow and north-west of Dalwallinu (Figure 1), 
approximately 230 kilometres north-north-east of Perth in the northern agricultural zone.  The 
project area is approximately 181,000 hectares and drains into an extensive system of 
creeks, pans and salt lakes.  The dominant landscape feature is a horseshoe-shaped, 
primary saline braided drainage line which intermittently flows from the north-east to the 
south, then to the north-west towards the Yarra Yarra, Eganu and Pinjarrega lake systems. 
1.3 Catchment assessment methods and project outcomes 
The hydrological investigation combines available datasets and field observations to describe 
the underlying hydrological landscape and key processes.  Due to the size of the catchment, 
the assessment process was limited to landscape scales with field observation limited to 
roadside verification.  The analysis provides the basis for describing sub-catchment 
characteristics and setting preliminary objectives for future management strategies with 
landholders, land managers and other stakeholders. 
The investigation was carried out in conjunction with the soil-landform evaluation work 
completed by the Natural Resource Assessment Group (NRAG) of the Department of 
Agriculture (Griffin et al. 2004).  This work provided a description of five soil-landscape 
systems and 34 main soil units as a basis for this analysis.  
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Figure 1. Location of the Buntine-Marchagee Biodiversity Recovery Catchment. 
Dominant landscape characteristics along with key degradation issues and risks within sub-
catchment areas were identified.  The hydrological analysis concentrated primarily upon 
water-driven land degradation impacts arising from water accumulation, waterlogging and 
watertable development, inundation, flooding, and general surface and near-surface excess 
water redistribution.  Areas of inferred groundwater and surface water interaction were noted.  
An overview of groundwater characteristics and results from investigative drilling has been 
prepared by Speed and Strelein (2004).  
This assessment provides:  
? an overview of relevant datasets and information; 
? sub-catchment delineation; 
? hydrological landscape analysis and salinity risk assessment; 
? assessment of rainfall-run-off trends; 
? generalised description of key hydrological behaviour. 
The results also provide an indication of surface water movement, surface water impediment, 
surface water redistribution and their variability across the study area.   
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2. BUNTINE–MARCHAGEE CATCHMENT DESCRIPTION 
2.1 Background 
The BMRC is located in the northern section of the Moore River Basin and comprises a 
broad flat valley system with a combination of fresh-brackish and saline ecosystems.  
Tributary systems above the main valleys exhibit a wide degree of diversity in 
soil-landscapes, vegetation and agricultural land use.  Degradation of this system is 
increasing with impacts evident on the farmland and remaining uncleared vegetation.  The 
extent and level of degradation is attributed to wind and water erosion, waterlogging and 
inundation, and the development of secondary salinity.   
Based on anecdotal evidence and experience with other catchments, most of the 
degradation issues identified are driven by excess expressions of surface and sub-surface 
water in the landscape.  This has occurred following extensive clearing of natural vegetation.  
The majority of cases can often be initially linked to local processes with localised controls.   
As the extent of local degradation increases, impacts such as increased steam-flow, erosion 
and sedimentation, secondary salinity and decreasing water quality develop into landscape 
scale problems that affect much wider areas. 
In recent times, three significant rainfall events occurred in the recovery catchment during 
1996, 1999 and 2000.  These events caused widespread waterlogging, inundation and 
flooding.  The Shires reported extensive road and culvert damage and there was increased 
waterlogging and sheet erosion at many sites.  During the 1999 and 2000 events sufficient 
run-off was generated for sections within the main valley floor to become hydrologically 
linked causing valley scale inundation and surface water flow. 
Previous work in the Moore River catchment by Sinclair Knight Merz (2001) suggested that 
since clearing run-off may have increased to 10 times previous levels.  Local run-off 
increases from less than 1 per cent of annual rainfall to 8 per cent (depending on the level of 
clearing, soil-landscapes and the current land management practices) have been associated 
with land degradation problems identified within the BMRC (Sinclair Knight Merz 2003).  
Previous work by Farmer et al. (2001, 2002) and Cattlin et al. (2002) have reached similar 
conclusions for other areas of the dryland agricultural regions of the south-west of Western 
Australia.
The increased generation of run-off in upper landscapes of the sub-catchments and slopes 
shedding onto valley areas has led to increased stress being placed upon fragile wetlands, 
lakes and riparian ecosystems.  These impacts have been observed in the primary valley 
systems, tributaries and small, elevated valleys throughout the catchment.  Landholders in 
the Buntine-Marchagee area have utilised a variety of land, soil and water management 
methods including engineering and revegetation in a bid to address local productivity 
declines.   
Any suggested management option in this report is based on a risk assessment procedure of 
the catchment as a whole and may not reflect the requirement to protect key or specific 
biodiversity assets.  CALM is developing a prioritisation process based on the biodiversity 
values and risk to these assets along with the feasibility of delivering the desired outcome 
within a given time-frame.  The developing process also considers budgets and the 
cooperation of neighboring or affected landholders.  Sinclair Knight Merz (2003 suggested 
that involving landholders in water management process using changed land management 
practices is landholder or community-dependent, and varies with the skills and capacities of 
individual managers, economics of farm enterprises and seasonal conditions.   
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Previous experience with other catchment groups has highlighted the difficulties of reaching 
a consensus approach to catchment scale management and it may require that catchment 
plans are implemented using a segmented approach that allows individuals to implement on-
ground works, within the context of an overall catchment driven outcome.   
2.2 Catchment scale degradation risk assessment  
The field investigations conducted by the EWM Group in 2003 identified eight classes of 
significant soil, water and infrastructure degradation.  These involved water and wind erosion 
processes, changes in salinity, waterlogging and inundation within each of the eight sub-
catchments.  Most areas at risk are in the valley floor with some of the tributary channel 
systems and narrow alluvial plains also threatened.   
Degradation processes identified occur at various levels of intensity and have been 
recognised on both farmland and land managed by CALM.  The eight processes are:  
? salinisation along the valley floor margins and upland drainage lines; 
? prolonged run-off and sheet erosion on mid to lower slopes; 
? soil stripping on saline flats during flooding events; 
? increased waterlogging, inundation and flooding on flat areas; 
? wind erosion; 
? sedimentation of the valley floor, tributaries, and wetlands; 
? valley floor vegetation degraded by surface water flow impediments (roads, culverts);  
? damage to roads and crossings following flood run-off caused by large rainfall events 
that have significantly increased rainfall intensity and/or duration. 
2.3 Slope analysis and sub-catchment delineation  
The BMRC is located in the northern region of The Zone of Rejuvenated Drainage.  Run-off 
generation and the efficiency of water movement are strongly influenced by local slope and 
channel gradients.  Digital elevation data for the catchment was used to delineate the eight 
topographically discrete sub-catchments shown in Figure 1.  The topographic boundaries of 
the sub-catchments are shown overlaid on the slope map (Figure 2) with the catchments 
named after localised features of districts within that catchment. 
Average slopes for the sections from the valley floors to the catchment divides for the eight 
sub-catchments are shown in Table 1.  For 50 to 75 per cent of the catchments, average 
slopes are between 1 and 3 per cent.  Slopes tend to be steepest along the ridges and sub-
catchment divides with some areas exceeding 3 per cent (Figure 2).
Tributary channel areas are typically less than 0.5 per cent.  The main valley system has a 
very low gradient, falling less than 30 m over 50 km, and is dominated by playa lakes. 
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Table 1. Slope characteristics for the eight sub-catchments 
Sub-
catchment Koobabbie Kooringa Buntine Nugadong Lakeview Masons Meelya Benelong 
 Percentage of catchment within each slope class 
0-1% 15 15 20 30 20 30 20 25 
1-3% 60 75 75 65 70 65 65 50 
3-5% 20 10 5 5 10 5 15 10 
> 5% 5 < 1   < 1  5 5 
 Average slope (%) for main valley sections and longest tributary for each sub-catchment 
Main valley 0.08 0.7 0.09 0.084 0.23 0.08 0.03 0.126 
Longest 
Tributary 
0.4–0.54 0.26–0.43 0.2 0.14 No gradient 0.19 0.42 n/a 
Figure 2. BRMC slope map with AHD spot heights given along the valley systems. 
The two eastern sub-catchments, Buntine and Nugadong, are larger than those in the west.  
Much of the east is characterised by gently undulating plains and long slopes with sluggish 
drainage systems.  The western catchment areas have shorter slopes and a higher density 
of small valleys with indiscriminant flow routes.  The Benelong sub-catchment lies outside the 
main surface water capture zone within the project area. 
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2.4 Soils mapping and hydrological interpretation 
Soil-landscape systems 
Griffin et al. (2004) completed a soil-landscape mapping survey as part of this project.  The 
key units identified were characterised according to their influence on surface water 
processes with the soil-landscape mapping hierarchy explained in Schoknecht et al. (2004).  
Five soil-landscape systems have been identified and represent areas where different soil 
forming processes dominate. These are:  
? low hills and rises; 
? undulating plains (three categories); 
? alluvial plain. 
The five soil-landscape systems identified are shown in Figure 3.  These include Inering Hills, 
Upson Downs, Ballidu, Balgerbine and Wallambin.  A full description and assessment is 
given in Griffin et al. (2004).  
Soil units 
Within the five soil-landscape systems 34 soil units were characterised based on potential 
hydrological response and are illustrated in Figure 4.  The soils have been attributed 
according to three main categories that reflect the potential to generate surface water flow:  
? capacity to generate run-off; 
? ability to infiltrate; 
? impervious surface (or impervious at saturation).  
The attributes for the soil map units were considered to change according to seasonal 
(summer and winter) rainfall intensity.  
Surface water zones 
Comparative analysis of the soil-landscape dataset and modelled surface water flow has 
identified five broad categories or surface water zones within the catchment.  The zones vary 
in function as shedding and receiving areas as described by Farmer et al. (2002) with their 
functionality dependent on location in the catchment (or sub-catchment), rainfall intensity, 
infiltration capacity and the level of storage capacity and saturation.  These zones 
demonstrate some correlation with the soil-landscape systems shown in Figure 3 and are 
described as follows (soil systems in brackets): 
Zone 1 Valley floors (Wallambin System): 
Soils are considered to be at saturation excess due to waterlogging, inundation or salinity.  
Rainfall or run-on does not infiltrate during an event resulting in inundation or surface flow.  
These are nominally referred to as receiving areas if water is contained, but may act as 
shedding areas if the water is able to move down the valley. 
Zone 2 South West sandplain (Balgerbine System):   
Surface water flow is generally separated from the main valley floor drainage system.  
Run-off generated accumulates or infiltrates locally.  However, some soils may generate run-
off from high intensity summer rainfall events.  These are also nominal receiving areas. 
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Zone 3 Steeper run-off areas (Inering Hills System): 
Steeper slopes allow rainfall to run-off.  In early winter, low intensity rainfall events may allow 
colluvial soils (duplex and loams) in the mid and lower slopes to infiltrate unless saturation 
excess in reached.  During summer, high intensity rainfall events may exceed the infiltration 
capacity of the soils and areas behave as shedding landscapes.   
Zone 4 Central narrow valley areas with convex slopes (Upson Downs System):
Most soils (sandy earths, duplexes, loams and granitic) in this group are located on gentle 
gradients that infiltrate water during rainfall events.  Run-off is generated on upper slopes.  
Valley floor soils are saturated or readily reach saturation excess and act as receiving areas 
with upper slopes providing shedding landscapes. 
Zone 5 SE broad valleys with gentle concave slopes (Ballidu System): 
Soils (granitic, duplex and loams) on crests or upper slopes generate run-off due to 
saturation excess during winter.  Soils (sands, sandy duplex) on undulating sandplain 
infiltrate or accumulate rainfall locally.  Soils (alluvial) on flat areas surrounding the valley 
have the capacity to infiltrate during summer rainfall events but saturate in early winter 
generating run-off.  The zone has the capacity to act as both shedding and receiving 
landscape and behaviour is dependent on soil condition and rainfall intensity-duration. 
Figure 3. Five key soil-landscape systems identified within the BMRC (Griffin et al. 2004). 
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Figure 4. Hydrological behavioural interpretation of soil-landscape units for BMRC.  
2.5 Vegetation cover  
The majority of vegetative cover prior to clearing consisted of a sclerophyll woodland, shrubs, 
heath and riparian vegetation associated with wetlands.  The ground cover in the cleared 
agricultural areas is characterised by cropping system residues (wheat, lupins and pasture).  
Grazing management determines the level of ground cover maintained by residues or 
stubbles and will influence run-off generation and susceptibility to land degradation 
processes during summer and at the ‘break of season’.  The pasture component consists 
mainly of clover and serradella-based systems.  Stubble burning is commonly practised by 
landholders and this frequently leaves soil surfaces bare in summer and may promote the 
development of non-wetting characteristics on sandy soils.   
2.6 General landscape activities and management 
Existing surface water management systems varies between landholders, ranging from 
limited to comprehensive, as noted by SKM (2003).  The adoption of minimum tillage 
cropping practices by landholders has reduced the apparent rate of run-off generation and 
has reduced the incidence of erosion early in the season.  SKM (2003) concluded that this 
was the main reason soil conservation and surface water management infrastructure was not 
being adopted, constructed, not being maintained, or in some cases removed.  Significant 
deep drainage has been trialled in the east Buntine-west Wubin area. 
Significant amounts of remnant vegetation have been fenced and bush corridors linking 
these have been established, particularly in the north-west.  Areas surrounding saline lakes 
and saline/waterlogged prone areas have been subject to replanting and fencing.  There has 
been widespread experimentation with alternative farming systems with trials of perennials 
(e.g. tagasaste, lucerne) and opportunistic cropping of wet areas during summer.  Fallowing 
of paddocks occurs on some locations on the heavier red loams to the east.  
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3. SALINITY RISK ASSESSMENT 
Using the Land Monitor data in combination with other spatial datasets (e.g. soil-landform 
units) a salinity risk assessment was undertaken by Ted Griffin.  Figures 5-8 highlight a 
number of points.  Firstly, there is a significant correlation between the areas of low 
productivity identified in 1990 (Figure 5) and the areas interpreted as at risk from the 
soil-landscape mapping (Figures 6-8).  This is particularly so for the main drainage line.  
Figure 6 illustrates the map units with a high proportion (> 50%) of land that is presently 
saline or with high or moderate risk of becoming saline.  This mainly covers the north and 
east of the catchment.  In the areas highlighted in purple, there is good correlation with the 
low-productive land as identified in the 1990 mapping sequence.  This is in clear contrast 
with the south-western portion and the Koobabbie sub-catchment.  In these areas, except for 
the main channel, the areas of low productivity are significant but the soil-landscape mapping 
indicates little salinity risk. 
In Figure 7 more of the areas of low productivity correspond to the map units considered to 
be at risk.  This is particularly so in the south-west, but there are still areas of low productivity 
that are at <10 per cent risk of becoming saline.  By contrast, the overall area at risk of 
becoming saline appears to be greater than the area of low productivity previously identified, 
particularly in the Nugadong, Buntine and Koobabbie sub-catchments.  This is largely an 
artifact of the soil-landscape mapping scale, with units shown as light purple having between 
10 and 50 per cent of their area considered to be at risk, not the whole area as shown in the 
figure.
Figure 8 shows all the map units with any areas of salinity accounting for virtually all areas of 
low productivity.  This suggests that all areas of low productivity are at risk from salinity, 
which is not true.  Most at issue are the areas of low-productivity identified in the south-
western sector.  Most of the land did not correspond to areas considered to be at risk of 
becoming saline based solely on the soil-mapping attribution.  However Figure 7 indicates 
that most of the low productive land is in map units where some land is at risk of becoming 
saline.
These map units are principally sand-filled valleys with low dunes and occasional swamps.  
The groundwater has clearly risen in the swamps and swales and evaporative processes 
have promoted the occurrence of secondary salinity.  There may also be areas where saline 
groundwater has risen to the surface.  These map units are typically ‘gutless’ or poor sandy 
soils which are highly susceptible to wind erosion and are generally unproductive or under-
performing areas.  Hence the Land Monitor interpretation has selected areas of poor sandy 
soils and secondary salinity.  However, most areas in the Buntine, Nugadong and Kooringa 
sub-catchments shown in Figure 7 are also likely to have low productivity rather than salinity. 
This series of figures also demonstrates the differences between the tributary valley floors 
between different parts of the catchment.  The western and south-western valley flats are 
broad but contain little salinity; whereas the eastern and south-eastern contributing valleys 
are broad channels with limited evidence of salinity.  The northern valley flats (especially 
those in Buntine and Kooringa) are quite narrow and contain distinct saline channels.  The 
eastern portion of the Koobabbie sub-catchment has broad undefined braided systems with 
limited areas displaying salinity, but is probably more at risk than those sectors to the west. 
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Figure 5. Areas of low productivity 1990 in red excluding lake beds. 
Figure 6. Areas of low productivity masked by units at high risk of becoming saline (dominant).  Purple 
indicates soil-landscape units that have 50 per cent of their area either presently saline or at 
high or moderate risk of becoming saline.  
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Figure 7. Areas of low productivity masked by units at high risk of becoming saline (dominant or 
significant).  Dark purple indicates soil-landscape units that have 50 per cent of their area that is 
either presently saline or at high or moderate risk of becoming saline.  Light purple areas are 
where there is a high or moderate risk on 10-50 per cent of the map unit.  
Figure 8. Areas of low productivity masked by units at high risk of becoming saline (dominant or 
significant).  Dark purple areas are soil-landscape map units that have 50 per cent of their area 
that is either presently saline or at high or moderate risk of becoming saline.  Light purple areas 
are where there is a high or moderate risk on 10-50 per cent of the map unit, and Pale purple 
may have as little as 1 per cent of the map unit at risk.  
The desktop analysis conducted in this section was based on only the available spatial 
datasets and it is recommended that ground-truthing of areas indicated as either saline or at 
risk of becoming saline, take place in those areas of interest to CALM or other landholders. 
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4. RAINFALL ANALYSIS 
4.1 Buntine-Marchagee Recovery Catchment 
Rainfall analysis has been carried out using composite rainfall data based upon long-term 
rainfall records available from the Bureau of Meteorology.  The rain gauges used for this 
analysis are listed in order of reliability priority in Table 2.  
Table 2. Rain gauge data used for rainfall analysis 
Rainfall station Gauge Identification No. 
Marchagee Composite Data 
(West of catchment) 
dr_008238 
dr_008146  
dr_0080671
Buntine Composite Data 
(East of catchment) 
dr_008021 
dr_008139 
dr_008017 
dr_008018 & dr_0080802
A three-day or 72-hour event analysis was used to extract all rainfall events occurring 
between 1910 and 2001 where the total rainfall exceeded 30 mm.  These data are illustrated 
in Figures 9 and 10.  Summer (November to April) and winter (May to October) events have 
been identified.
Extraction of the largest event in each year has been used to generate 72-hour return period 
estimates and is illustrated in Figure 11.   Note the variability in rainfall totals between 
eastern and western catchment sectors is limited to the largest events only.  For design 
purposes earthworks should be designed to adequately cope with events of at least 
90-110 mm (1 in 10).   
The datasets reflect the rainfall delivery mechanism common in the northern agricultural 
zone with winter frontal systems more dominant in the western sectors and summer 
thunderstorm activity more prominent in the east. 
                                                
1 The data from this rain gauge only used to fill minor gaps in the other gauging records. 
2 The data from these two rain gauges only used to fill minor data gaps in other gauging records pre-1950. 
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Figure 9. Seventy-two hour rainfall totals above a 30 mm threshold for the western composite dataset for 
the years 1910-2001. 
Figure 10. Seventy-two hour rainfall totals above a 30 mm threshold for the eastern composite dataset 
for the years 1910-2001. 
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Figure 11. Seventy-two hour return period for the Buntine-Marchagee composite dataset.  
? The largest historical rainfall events range between 160 and 180 mm in the eastern 
sector and 120-140 mm in the west.  There is a significant 30-40 mm difference in 
rainfall totals between the eastern and western gauges for the most significant events. 
? Large rainfall events have a tendency to occur at catchment scales and are evidenced 
by concurrent recording in the two composite gauging datasets.  There is little evidence 
of significant events being limited to particular sections of the recovery catchment.  
? Both datasets have recorded a number of summer events above 80 mm (11 in the 
east; 7 in the west).  The summer events demonstrate a tendency to deliver higher 
rainfall totals for a given 72-hour time period in the eastern sector of the catchment. 
? More than two-thirds of the rainfall events fall within the 30-60 mm range for both parts 
of the recovery catchment. 
? Two to three rainfall events that exceed 70 mm can be expected within a 10 year 
period.  There is no evident trend for any increase or decrease in extreme events within 
the sample data.
? Though the larger rainfall event totals have generally occurred since 1960, there is no 
definitive trend. 
? Only two winter rainfall events greater than 100 mm have been recorded in the eastern 
sector and five in the western sector for the years 1910-2001. 
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4.2 Run-off implications 
Limited anecdotal evidence suggests that landscapes in the Buntine area yield streamflow 
from events of around 30 mm while those in the deeper sand profiles require larger more 
intense events or prolonged rainfall periods (that yield approximately 50 mm). 
Using this assumption, the frequency of run-off events that might result in active surface 
water redistribution was calculated using the 72-hour rainfall data.  The predicted number of 
events for the western and eastern sectors is given as a bar chart in Figures 12 and 13.  The 
blue bars indicate the total number of events for a given year, while red bars indicate the 
predicted number of larger run-off events that are likely to generate substantial peak flows 
(e.g. floodway exceedence, inundation, valley floor impacts) and volumes of ponded water 
after peak subsidence. 
Landscapes in the eastern catchment are seen to generate a much greater number of ‘quick’ 
response events.  This type of event is likely to cause problems in the sub-catchments that 
are associated with flow impedance and short-term inundation in areas where run-off 
accumulates.  The flow impedance may be associated with minor roads, drains or flat valley 
landscapes.  For this reason run-off accumulation and seepage discharge will tend to 
dominate the eastern catchment areas where more regular smaller rainfall events keep 
profiles moist. 
Figure 12. Predicted run-off events based on 72-hour rainfall threshold events for the western sector 
composite data. 
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Figure 13. Predicted run-off events based on 72-hour rainfall threshold events for the eastern sector 
composite data. 
In the western catchment higher threshold conditions and smaller falls associated with each 
event reduce the number of run-off events that are likely to generate significant flows that will 
regularly impact on the valley landscapes in this sector.   
Larger events associated with more intense summer events and longer duration winter 
rainfall will result in run-off shedding from upper slopes into the valley landscapes and will 
have a tendency to promote sub-catchment discharge, causing hydraulic linkage of the main 
drainage line. 
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5. SUB-CATCHMENT CHARACTERISTICS AND ANALYSIS 
This section provides an overview of the principal issues but does not give specific 
management strategies for each catchment.  This is mainly due to the size of the sub-
catchments and the limited data available on CALM assets within the valley system.  
An analysis of the main water management and degradation issues was undertaken for each 
of the eight sub-catchments illustrated in Figure 14.  Additional information has been 
collected that may be used to develop management strategies once the areas targeted for 
intervention strategies have been identified by CALM.  
Figure 14. The eight sub-catchments of the Buntine-Marchagee Recovery Catchment. 
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5.1 Koobabbie 
Physical characteristics 
The Koobabbie sub-catchment covers approximately 24,200 hectares in the north-western 
sector (Figure 14).  It has a very broad (3-4 km wide) flat valley floor with poorly to 
moderately defined natural drainage.  There are numerous small playa lakes in the braided 
channel system (Figure 15).  
The landscape to the west of the central drainage line comprises undulating sandplain with 
numerous depressions that are prone to annual waterlogging and localised inundation.  The 
landscape to the east has relatively steep and short slopes that promote run-off.  The deep 
alluvial deposits on the valley floor are being reworked along the western fringe of the main 
drainage line due to the duration and frequency of flows experienced in this area. 
A large area of fringing riparian vegetation is present in and around the main drainage line.  
The wetlands in the west are fresher than those to the east.  Small stands of Eucalyptus
camaldulensis are located in elevated valleys between the Marchagee-Buntine Road and the 
Gunyidi-Wubin Road.  There is significant remnant vegetation on steeper slopes to the east 
of the main drainage line. 
Surface hydrology 
The valley floor and central channel has a good cover of halophytic vegetation that impedes 
low flows and promotes stream braiding.  By reducing flow velocity the potential for detention 
and infiltration is increased, which also creates a depositional environment that is subject to 
periodic inundation.  
The sandy landscapes to the west of the main drainage line appear to contribute little surface 
water.  There is evidence of localised accumulation and subsurface flow in the sand profile 
that contributes to local groundwater systems.  To the north of the road in the western 
section there is no surface water outflow and the sub-catchment is internally drained.  The 
potential exists to develop water resources from the shallow perched fresh systems. 
The area to south becomes waterlogged in the valleys with seepage and waterlogged 
accumulation areas evident.  Run-off generated by saturation excess may occur after 
substantial winter rainfall.  Sedges are evident throughout low lying areas and there is 
evidence (soaks, windmills) that water quality is often sufficient to be utilised as an on-farm 
water resource. 
The area to the east of the main drainage line is predominately a shedding landscape with 
shallow sandy soils over thin regolith or weathered granitic profiles.  Incised channels and 
gullies rapidly move water onto the broader valley flats.  Large flats of heavy red loamy soils 
in the northern area accumulate water that is able to shed rapidly as sheet flows once 
discharge thresholds are met. 
Key landscapes and management issues  
The east of the sub-catchment acts as a classic shedding and receiving landscape.  These 
areas have steep short slopes and high run-off potential and are probably the major source 
of flows within the sub-catchment.  Surface water management can be utilised to control the 
rate and volume of discharge onto the main drainage line to reduce the extent and frequency 
of prolonged inundation and waterlogging at susceptible sites.  
To the west of the main drainage line, localised hillside seeps are expected to deliver greater 
quantities of water to accumulation areas.  In cases there is evidence of increasing salinity in 
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wetlands.  Establishment and maintenance of fringing vegetation buffers can assist to reduce 
impacts and managed overland seepage and shoreline salt accumulation.  Excess water can 
be harvested for on-farm use.
Upland areas to the west are subject to wind erosion.  There is also evidence of stress within 
remnant vegetation areas, particularly on deeper sands. 
Figure 15. Koobabbie sub-catchment map with management issues noted. 
5.2 Kooringa
Physical characteristics 
The Kooringa sub-catchment covers approximately 30,200 hectares and is located in the 
north-western sector (Figure 16).  It is characterised by narrow and well-defined drainage 
lines with convex upper slopes.  The upper slopes have relatively short run-off lengths of less 
than 3 km.  The valley floor is defined as a braided fluvial system up to 2.5 km wide.  
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Run-off generated within the sub-catchment discharges into numerous small playas on the 
valley flats before discharging into a series of large lakes in the main valley floor (Figure 16).  
The lake chain system has lakes up 4 km in diameter.  The soil types are mainly sandy 
earths, duplex sands over clays, loams and granitic sandy soils.  
Figure 16. Kooringa sub-catchment with features of note. 
Surface hydrology 
The steeper slopes to the west of the sub-catchment could be described as shedding 
landscapes.  The deeper loam and duplex soils are located on the gentle convex mid to 
lower slopes with gentle gradients (< 3%) that tend to infiltrate and store water during smaller 
rainfall events.  Initially run-off is generated by the valley floors and flats that act as shedding 
areas.  As the upper slopes begin shedding run-off, the lower slopes will act as receiving 
areas, but during the larger events residence time is considered to be relatively short.  
Key landscapes and management issues 
The natural drainage lines in the upper Kooringa sub-catchment show signs of a rapid 
increase in active degradation or salinity at the margins.  If these areas are not managed 
then a rapid expansion away from the riparian zones and into the adjoining farmland is likely.   
Three major tributaries within the sub-catchment discharge onto the flats before joining the 
main drainage line in the recovery catchment.  This confluence area is prone to inundation 
and waterlogging on annual time scales, and can act as a localised receiving and recharge 
area during smaller run-off events (< 1:2 Average Recurrence Interval ARI).  
A number of road crossings identified in Figure 16 are localised impediments to surface 
run-off and promote the development of secondary salinity through waterlogging behind the 
roads.  Improved through-flow in these areas could reduce the size of the areas being 
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inundated as well as the duration of waterlogging.  These actions will change the potential for 
secondary salinity development, and should reduce the risk of long-term damage to road 
crossings from salinity.  
5.3 Buntine 
Physical characteristics 
The Buntine sub-catchment covers approximately 42,500 hectares and is located in the 
north-east (Figure 14).  It is characterised by a long straight drainage line, which dominates 
the sub-catchment.  In contrast to Kooringa, the upper sub-catchment is characterised by 
long gentle concave slopes.  The valley floor flow paths are poorly defined in the mid-section 
with the lower sub-catchment characterised by saline playas on a broad flat area, with poorly 
defined braided channels.  Relatively long low-gradient tributaries drain the elevated 
landscapes and deposit alluvial materials (fine sands and clays) at the base of the valley 
floor.
Buntine townsite is located in the upper section along with the Buntine Nature Reserve.  The 
reserve acts as the catchment for the town’s water supply.   
Surface hydrology 
The west of the sub-catchment is dominated by the sandplain of the Upson Downs System, 
large or intense rainfall events are required to generate significant run-off (i.e. > 50 mm).  
The east is dominated by the Ballidu System.   
The shedding landscapes are located at the top of the sub-catchment, however the low 
gradients and concave profiles of the mid-lower slopes do not provide the necessary 
gradients to continue this momentum and water has a tendency to pond and infiltrate in 
these areas.  Drains have been constructed on the lower slopes and near road crossings in 
an attempt to improve flow and enhance discharge from the sub-catchment.    
Key landscapes and management issues  
The valley flats are very broad with numerous playas and relatively poor drainage.  The lower 
sub-catchment is braided and the natural drainage system is poorly defined with low 
gradients.  Any impediment to flow within this system affects a significant area above or 
behind it (e.g. roads).  The Wubin-Mullewa road bisects the sub-catchment. 
One of the main issues is the location of roads and crossings (Figure 17).  Road culverts are 
regularly damaged by run-off generated by summer rainfall events.  In most cases the road 
layout intersects with the main drainage lines and serves to exacerbate local problems.  
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The area of natural drainage north-east of the Wubin-Mullewa road is impacted by inundation 
and waterlogging caused by impounding of water behind the road.  This increases the 
potential for development of secondary salinity.  Active degradation processes are occurring 
on the flats in the large south-eastern tributary (waterlogging, inundation, erosion, salinity) 
and discharges from the smaller tributaries are becoming increasingly saline.  
Management practices  
Buntine sub-catchment has had a history of drainage.  Early drainage works were generally 
shallow and aimed at alleviating waterlogging issues in the grey clay valley areas.  Initial 
deeper drainage trials were carried out in the flat valleys in the eastern sub-catchment 
(Speed and Simons 1992).  These have subsequently silted to a trapezoidal channel form 
but still appear to be providing direct waterlogging relief.  More recent extensive deep 
drainage networks have been constructed through the main natural drainage lines and 
across the valley flats.   
Figure 17. Buntine sub-catchment with features of note. 
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These are being implemented to assist with water flow and to alleviate waterlogging and 
salinity development on the lower valley.  A trend was observed towards a greater 
investment in drainage through multiple farm scale drainage works.  The scale of these 
projects has the potential to lead to the management of significantly more water and 
drainage discharge that occurs at present and will require improved earthwork designs. 
The Shire is required to repair the culverts and roads on an annual basis due to the problems 
associated with poor water management and salinity development.   
5.4 Nugadong 
Physical characteristics 
The Nugadong sub-catchment covers approximately 33,000 hectares and is located in the 
south-eastern sector (Figure 14).  The sub-catchment is characterised by long gentle 
concave slopes in upper areas with poorly defined broad drainage lines in the mid-lower 
slopes.  There are shorter and steeper slopes to the south-west of the sub-catchment.   
The lower parts are characterised by playas on broad flat areas within a defined drainage 
line (Figure 18).  The main channel becomes well defined approximately 5 km upstream of 
the discharge outlet to the main valley floor of the recovery catchment.  Sandy alluvial soils 
occur in the valley floor with a vegetation cover of samphire and woodland species. 
Surface hydrology 
Rainfall events in the 50 to 100 mm range result in significant run-off and cause damage to 
areas upstream of artificial barriers (roads, culverts).  The valleys floors are inundated and 
saturated each year.  This process is exacerbated by low storage capacity of the alluvial soils 
on the flats that surround the valley.  While they have the capacity to cope with summer 
rainfall events they become saturated in early winter and promote run-off onto the valley 
floors.  Areas of sandy soils are affected by water repellence which increases the capacity to 
generate run-off (particularly in summer) which then accumulates in small depressions on the 
mid to lower slopes. 
Key landscapes and management issues  
This area was investigated by the Department of Agriculture for inundation and flooding risk 
(Davies et al. 1988).  The confluence of drainage lines in the mid-catchment area coupled 
with the presence of the raised road formation at multiple locations increases the incidence 
of waterlogging, sheet inundation and flooding.  Much of the previous engineering 
intervention has been aimed at improving drainage and has been designed primarily to move 
surface water.  Deep drainage is becoming more prevalent. 
Again, one of the main issues is the location of roads and crossings.  Road culverts are 
regularly damaged by run-off generated by summer rainfall events.  In most cases the road 
layout intersects with the main drainage lines which exacerbate the problem (Figure 17).  An 
extensive deep drainage network crosses the valley sections and the associated valley flats. 
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Figure 18. Nugadong sub-catchment with main management issues noted. 
5.5 Lakeview 
Physical characteristics 
Lakeview sub-catchment covers approximately 15,500 hectares in the south-central sector 
(Figure 14).  It has a narrow valley floor with large lakes (up to 2.5 km in diameter).  In the 
central areas the sub-catchment has steeper slopes that run directly to the lake edges.  In 
the elevated northern and southern areas water collects into tributary valleys where it is 
conveyed into valley sections (Figure 19). 
Surface hydrology 
The landscapes to the north of the main drainage line are convex.  Run-off is initiated on the 
flats or valley floors before the upper slopes contribute.  Run-off generated in the southern 
tributaries accumulates on the lower valley flats before discharging to the main valley floor.  
Run-off generated in the southern sub-catchment slopes flows into a narrower channel 
section that takes water to the west.  Run-off generated in the northern areas is delivered 
from tributary channels into a series of smaller playa lakes and braided channels that 
eventually feed into the larger lakes.  
The large and smaller lakes are poorly connected and their large storage capacity acts as a 
major flow discontinuity to discharge from the eastern part of the sub-catchment (Figure 19).   
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Key landscapes and management issues  
The tributary system in the south is degraded by ongoing erosion, salinity impacts and 
waterlogging.  There is a general lack of riparian buffer and evidence of degradation 
expansion.  Wind erosion is a problem in the north-facing sandy slopes. 
The northern systems are becoming saline and contribute saline discharge to the lake 
systems on the valley floor (Figure 19).  Again there is a general lack of riparian buffer and 
evidence of expanding degradation. 
The Lakeview sub-catchment has two of the largest lakes in the Buntine-Marchagee 
catchment with significant areas of fringing vegetation that may be at risk. 
Figure 19. Lakeview sub-catchment map with features of note. 
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5.6 Masons 
Physical characteristics 
The Masons sub-catchment covers approximately 14,900 hectares and is located in the 
south-western sector (Figure 14).   The relatively short section of the main drainage line is 
poorly defined.  The landscapes to the south consist of undulating sandplain with numerous 
depressions and poorly defined waterways.  The area is subject to periodic waterlogging.  
The smaller area to the north of the lake may be part of a saline groundwater discharge 
system that contributes directly to the main lake.  
Surface hydrology 
Masons sub-catchment has a narrow discontinuous main channel that functions only during 
larger flow events (Figure 20).  The small saline valley to the north discharges to the lake and 
may contribute significant salt loads to the system.  Groundwater or perched systems from 
the northern tributary contribute seepage or baseflow to the discharge.   
The drainage system in the south is poorly defined and causes localised waterlogging and 
inundation.  There is a general lack of a riparian buffer and ongoing channel degradation and 
expansion of secondary salinity. 
Key landscapes and management issues  
The main area of concern is the increase in saline discharge from the northern tributary and 
the increasing salinity development within elevated water accumulation areas.  Unmanaged 
degradation within the tributary channel areas ultimately has an impact upon the primary 
valley and lake systems due to increased run-off generation from scalded areas and 
exported salt volumes.  Large hillside seeps are evident at the top of the sub-catchment in 
the sand profiles.  These would probably require extensive management due to the large 
contributing area in many cases.  Some degree of containment could be achieved through 
widespread implementation of vegetation buffers. 
The upland areas of the southern sandplain are extremely prone to wind erosion.  This is a 
major management issue for this sub-catchment in particular, due to its north-facing aspect 
and the tendency for north-easterly and north-westerly winds to be funnelled up the slopes. 
There are significant areas of remnant vegetation (including large stands of native pine 
(Actinostrobus arenarius) on the up-slopes of the southern landscapes.  In many cases these 
are showing increased susceptibility to degradation from a variety of causes (excess water, 
salinity, shallow watertables and wind erosion). 
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Figure 20. Masons sub-catchment with features of note. 
5.7 Meelya 
Physical characteristics 
Meelya sub-catchment covers approximately 14,100 hectares in the south-western sector 
(Figure 14).  The valley floor with three major lakes surrounded by a large number of smaller 
lakes and depressions dominates the lower landscape.  The elevated areas south of the 
channel consist mainly of undulating sandplain and long sandy slopes.  A large area of native 
vegetation remains adjacent to the CALM reserve (Jock’s Well) on the ridgeline to the south.  
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Surface hydrology 
There are five distinct hydrological areas within the Meelya sub-catchment (Figure 21).  The 
main valley has poorly defined flow paths but will discharge significant flow during large 
rainfall events once lake and depression capacities have been exceeded.  Seepage and 
waterlogging are evident at various sites along the valley fringe. 
The slope areas to the north of the main lake system have high run-off potential.  These are 
expected to contribute run-off directly to adjacent valley areas from relatively small events.  
There is a small tributary directly above one of the large lakes. 
The south-western elevated landscapes are dominated by sandy soils.  A number of lakes 
and waterlogged accumulation areas occur throughout this area.  In many instances water is 
being extracted for agriculture using soaks and windmills.  
The south-east is dominated by a degraded tributary system that discharges into a degraded 
channel within the valley.  There is evidence of high flow velocities and significant erosion in 
upper sections of the tributary channel. 
The eastern area comprises some long sandy duplex slopes running directly onto the 
adjacent valley areas.  There is a small tributary that is fed by run-off from gravelly shedding 
areas at the eastern edge of the sub-catchment. 
Key landscapes and management issues  
Localised hillside and break of slope seepage and waterlogging impacts could be managed 
to contain secondary salinity.  Where water quality is better, excess water can be developed 
for on-farm resources. 
Tributary channels show high levels of degradation, and erosion is evident.  Waterlogging 
and secondary salinity impacts are evident through broader sections.  There is increasing 
potential for water to be directly sourced from degraded tributary channels and seepage from 
break of slope areas.  A steady increase in streamflow (particularly peak flows and seasonal 
persistence) and salt mobilisation will continue to exacerbate the degradation along the 
valley.  There is a significant need for riparian corridors to be protected and vegetation 
buffers established for both tributary channels and valley break of slope areas.  Interception 
structures above low land degradation sites may be feasible in some cases. 
Upland areas of the sandplain are subject to wind erosion with active degradation observed 
adjacent to Mason Road.  Native pines in the reserve area east of the road (top of sub-
catchment) show signs of stress.   
Surface water issues and waterlogging of flats are evident along the Gunyidi-Wubin Road 
along the north-western edge of the sub-catchment.  Degradation of melaleuca flats at the 
discharge area and upstream vegetation systems is evidently linked to this tributary which 
appears to have a high flow frequency.  A review of the surface water management, seepage 
management and road drainage in this area is recommended. 
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Figure 21. Meelya sub-catchment map with management issues noted. 
5.8 Benelong  
Physical characteristics 
The Benelong sub-catchment covers approximately 6,600 hectares and is located to the 
south-west of the catchment (Figure 14).  It is essentially an internally draining elongated 
valley surrounded by a well defined divide.  Internally flowing slopes and sub-surface 
groundwater systems within the predominantly sandplain landscape support numerous 
perched lakes and wetlands. 
Surface hydrology 
The internal drainage system is poor with no defined outlet to the main drainage line 
(Figure 22).  Surface and groundwater discharge is generated mainly from the west of the 
catchment but there appears to be no defined flow path for surface run-off.  There are 
localised areas of flow accumulation and waterlogging which may result in degradation in the 
longer term if not managed.
BUNTINE-MARCHAGEE SURFACE WATER ASSESSMENT 
34
Key landscapes and management issues  
Some degree of hillside management could occur above at-risk seepage areas.  However 
the extent of hillslope clearing is such that an increase in hydro-period for some lakes and 
wetlands is inevitable.  This change is likely to result in a trend where wetland areas are 
becoming more permanent.  However, development of new areas along valley fringes where 
accumulation areas become waterlogged is expected.   
There is significant opportunity to re-establish vegetation fringes along the valley corridor in 
order to buffer lakes and provide new habitat.  An increase of appropriate vegetation, 
suitable for changed circumstances, would help protect the valley from extensive long-term 
degradation. 
In agricultural slopes management of excess water accumulation, waterlogging and wind 
erosion are main concerns though usually at very local scales.  These can be addressed 
using conventional soil-landscape management options. 
Figure 22. Benalong sub-catchment map with key features noted. 
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6. CONCLUSION AND RECOMMENDATIONS 
  1. The Buntine-Marchagee catchment has significant water management and landscape 
degradation issues associated with: poor run-off management, waterlogging, erosion, 
sedimentation and rising groundwater.  Key recommendations are described, where 
appropriate, for each of the sub-catchments identified within the BMRC.  However the 
areas impacted are not necessarily related to CALM assets or salinity. 
  2. Roads present significant impediments to flow in a number of sub-catchments, 
particularly Kooringa, Buntine and Koobabbie and are discussed in relevant sections.  
However the impacts of ponding above roads may not directly impact upon assets 
under CALM management.   
  3. Areas identified as under threat from salinity or other hazards need further evaluation 
to determine the degree of impact, recovery potential and intervention strategies that 
are likely to be feasible and effective.  
  4. Two major flow discontinuities have been identified that are associated with large lakes 
which serve to restrict flow continuity within the main drainage line.  The first is at the 
boundary of the Lakeview and Nugadong sub-catchments.  The second is where the 
Kooringa sub-catchment joins the Meelya sub-catchment.  During small-medium run-off 
events, streamflow in the central and western sections will terminate at these lakes.  
This effectively subdivides the recovery catchment into three sections.  
  5. There is significant potential for developing water resources in the deep sand profiles 
and for water harvesting in areas with good run-off potential. 
  6. The management of priority wetlands or vegetation with high biodiversity values will 
require site-specific solutions.  Further studies will need to include baseline monitoring 
and a clear statement of the management and environmental goals such as the desired 
hydro-period and water quality to be achieved. 
  7. Flow continuity on valley floors could be achieved with appropriate channel designs to 
improve flow at road crossings and poorly defined streamlines. 
  8. Hillside seeps and contributions to baseflow have increased across the landscape 
resulting in a wetter catchment and shallower watertables than would be experienced 
under pre-clearing conditions.
  9. Whole of landscape management is unlikely to be effective without significant change 
to current agricultural land management activities as the agricultural areas contribute 
significant amounts of run-off within the BMRC.   
10. Targeted biodiversity assets may require discrete projects involving revegetation or 
localised drainage strategies. 
11. Further work could include the development of a surface water and discharge risk 
model to assist in exploring management options for both agricultural and biodiversity 
excess water management in the recovery catchment.   
12. Potential monitoring sites have been selected (see Appendix A) for their ability to 
supply quantitative and qualitative data for a variety of landscapes at various scales 
that might be useful to future hydrological modelling and to evaluate the effectiveness 
of any implemented management strategies.  Nominated locations have not been 
verified for gauging suitability and are suggestions only.     
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APPENDIX A: MONITORING OPTIONS 
The following section details potential surface water gauging options for the Buntine-
Marchagee catchment.  This is not comprehensive and is to be considered in the context of 
CALM biodiversity objectives.  Sites have been primarily selected for their ability to supply 
quantitative and qualitative data for a variety of landscapes at various scales that might be 
useful to future hydrological modelling.  Nominated locations have not been verified for 
gauging suitability.  
A1. Surface water 
Main hydrological issues are: 
1. spatial variability of run-off generation within major catchment areas; 
2. run-off generated above key landscape sites; 
3. run-off frequency and volume associated with valley inundation and hydro periods. 
A1.1. Recommendations: 
1. Key landscape scale gauging should be implemented within major catchment areas in 
order to yield hierarchical run-off information.  Ideally this would involve multiple 
catchments of 5 to 30 km2 associated with outlet gauging at 30 to 100 km2.
2. Flow gauging along the principal flow routes, ideally at key road crossing points. 
3. Depth gauging of relevant receiving lakes and inundation areas. 
There is scope for approximately 20 gauging sites for the Buntine-Marchagee area 
(Figure A1 and Table A1) due to catchment size, east-west variability across the catchment 
and the number of hydrologically different landscapes. 
Additional gauging and manual level recording will be required to evaluate run-off and 
groundwater contributions to lakes, channel sections and water-accumulation sites identified 
as requiring detailed understanding or intervention activities. 
There is scope for the utilisation of low-cost gauging (two to three capacitance probes at a 
site providing depth time-series data) in most sub-catchment tributaries.  However these 
would require a greater level of ongoing management commitment and quality control 
(including some means of depth checking).  At major tributary sites and along the main valley 
there may be justification to use more permanent gauging methods (i.e. similar to those 
implemented by the Department of Environment). 
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Figure A1.  Possible flow gauging sites (notional, subject to field inspection). 
Table A1. Description of possible surface monitoring sites 
Site# Site Description and purpose 
1 & 2 Gunyidi-Wubin Road Flows associated with degradation area and discharge channel. 
3 Small Valley Gauging of a classic accumulation valley, minor surface water works. 
4 Discharge Valley Discharge valley from steep, high run-off landscapes. 
5 Salmon Gums Discharge from red soil zone in north of catchment. 
6, 7, 8, 9 Sub-catch gauging Upper landscape tributary gauging for Karinga (hierarchical set). 
10 Lake catchment Estimation of direct discharge to lakes (could be further south). 
11 Lake catchment As for 10, nominal location, need to resolve actual catchment. 
12 Sandplains Sub-catchment discharge for yellow sandplain areas. 
13, 14, 15 Sub-catch gauging Mid-landscape tributary gauging for Nudagong (hierarchical set). 
16 Catchment gauge Gauge for Nudagong catchment (assuming lakes have high value). 
17 Main stream gauge Main stream for Buntine area, estimate channel flow characteristics. 
18, 19 Drainage Investigate the contribution of drainage system to valley. 
20, 21 Drainage Investigate the contribution of drainage system to valley. 
22 Hydes Investigate upper catchment flow conveyance and drain flows. 
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The provision of gauging data in the area may be of hydrological benefit to the northern 
Moore River catchment and lower Midwest/upper wheatbelt catchments.  The data may be of 
interest to organisations involved in the general hydrological assessment of creeks and 
valleys in these areas.  The Water and Rivers Commission (Department of Environment) 
may be interested in contributing financial or technical assistance.  
A1.2. Priorities for initial data collection 
Figure A1 and Table A1 identify possible sites for generating useful gauging information.  At 
a minimum, it is recommended that some form of regular automatic or manual recording be 
established for: 
? the Buntine and Nugadong sub-catchments in the east; 
? selected tributaries the southern and northern slopes above the main lake areas; 
? within the western landscapes at sites directly applicable to CALM interests (surface 
water evaluation site and degraded area adjacent to Gunyidi-Wubin Road); 
? major crossings on Buntine-Marchagee and Gunyidi-Wubin Roads; 
? contribution from major drainage and tributary systems. 
A1.3. Recommended equipment 
With a full complement of sites even using low cost options, a budget of $30,000 to $50,000 
is likely to be needed for equipment.  This would include capacitance probes installed in 
clusters of three to four and installation materials.   
Additional gauging will need to be installed for the surface water trial area and lakes of 
particular interest to CALM. 
Unless specifically required for CALM purposes or to assess artificial conveyances there 
would appear to be limited cost justification to recommend salinity loggers at this time.  It is 
likely that a program of manual sampling could meet general project needs and provide a 
spatial representation of salt load and water quality variability. 
It is recommended that CALM approach the Water Corporation to ascertain what data might 
be available for the Buntine water supply catchment.  Inflow volumes, stored volumes and/or 
rainfall would be useful for looking at run-off trends for natural (uncleared) landscapes. 
A2. Rainfall 
Bureau of Meteorology (BoM) data indexes indicate a number of well-spaced daily rainfall 
stations throughout the catchment (Figure 2 and Table 2).  The 13 identified sites provide 
adequate insight into spatial variability for catchment scale applications.  Some of these have 
long records and have been used in the production of the surface water assessment report. 
CALM should confirm the location and status of the nominated sites.  Where these sites can 
be contacted, it may be worthwhile establishing a method for regular data access. 
Pluviometer stations are needed to discretise daily rainfall volumes and provide information 
on storm pattern and intensities.  It is recommended that three pluviometers be installed.  
These would ideally be located to provide comparative data for the western catchment area, 
the central lakes area and the eastern catchment. 
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The greatest benefit will occur when pluviometers are located on landholder properties where 
regular totals (e.g. every 1-7 days) can be recorded for use in calibration and QA of recorded 
volumes.  The degree of commitment required for a landholder to do this should not be 
underestimated.  The effectiveness of the approach can be assisted by: 
? locating the gauge close to the residence or work areas (sheds); 
? providing the landholder with the equation needed to determine rainfall (mm) from 
collected volume (so it can be used for day-to-day rainfall assessment). 
Table A2. Bureau of Meteorology daily rainfall sites 
Locn Gauge ID BoM name  Locn Gauge ID BoM name 
1 8067 Koobabbie  8 8017 Buntine 
2 8146 Ytiniche  9 8021 Sunnydale 
3 8238 Hakea  10 8139 Wubin 
4 8084 Manavi  11 8061 Hyde Park 
5 8022 Balgerbine  12 8039 Dalwallinu Comp 
6 8283 Karawara  13 8297 Dalwallinu 
7 8080 Maya     
Figure A2. Bureau of Meteorology daily rainfall sites in Buntine-Marchagee area (Bureau of 
Meteorology 2003 annual rainfall CD). 
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A3. Lake levels 
Due to the large number of lakes in the recovery catchment, lake monitoring may be 
restricted to priority lakes where there is a need for hydro-period information. 
Most benefit may be gained from a manual observation program at a minimum of monthly 
and ideally fortnightly intervals (particularly during wetter months).  Since rise is likely to 
occur over a longer period from larger events (probably 6-48 hours, due to flow delays) there 
is scope to obtain additional lake depth readings one to two days after the event.  Regular 
readings would permit estimates of evaporation rates.  The need for more frequent 
observations using logger data would most likely be associated with small lakes and 
inundation areas that are expected to receive direct inflows. 
Manual observations would require the establishment of depth boards at accessible low and 
high volume points.  These should be GPS surveyed so that heights can be compared 
between lakes. 
During run-off and streamflow events, field visits should attempt to capture some indication of 
surface water inflows (video, photographs, etc.).  Comparisons between post-event levels 
and regular monitoring will assist in gaining an appreciation for streamflow (shorter time-
scale) versus sub-surface (medium time-scale) contribution. 
